Abstract. Composting is one of the more economical and environmentally safe methods of recycling waste generated by the consumer society. Due to the complexity of substrates and intermediate products, microbial diversity and the succession of populations is a prerequisite to ensure complete biodegradation.
Introduction
Composting is an aerobic process by which organic materials are degraded through the activities of successive groups of microorganisms; it is an environmentally sound way to reduce organic wastes and produce organic fertiliser or soil conditioner (Gajdos, 1992) . Composting of the organic fractions of municipal solid waste (MSW) is therefore expected to increase substantially in many conuntries, parly due to legislative changes (Barth and Kroeger, 1998) .
Although composting is a microbiological process, little is known about microorganisms involved and their activities during specific phases of the composting process. Definig the diversity and structure of microbial communities of compost through their constituent populations has been of considerable interest to compost researchers in order to address basic ecological questions such as how similar are microbial communities in mature compost that were made from different feedstocks and using different composting methods (Tiquia and Michel, 2002) . Different microbial communities predominate during the various composting phases (mesophilic and thermophilic), each of which being adapted to a particular environment. The composition of the microbial communities during composting is determined by many factors (temperature, pH, water content, C/N, etc). In adition under aerobic conditions, temperature is the major selective factor for populations and determines the rate of metabolic activities.
Despite the use of growth requiring culturing techniques is often disputed, while the culture-independent molecular screening techniques will definitely detect numerous unique microorganisms, a few references clearly indicate that culturing studies still deliver non-overlaping information, consequently none of the two approaches can claim to be superior to the other yet (Brambilla et al., 2001; Gurther et al., 2001; Dees and Ghiorse, 2001) .
The aim of this study was reveal the succession of microbial populations during a whole composting process and the influence of some physical and chemical parameters under microbial concentrations. The composition of microbial communities was investigated by conventional cultured techniques.
Materials and methods

Compost site and sampling
Organic fraction of Municipal Solid Waste (MSW) compost was sampled in March 2005 at a small scale composting plant in Landfill "Calle 100" (Havana City). The waste was processed in open windrows of about 15 m length, 2m of width and a height of 1m. The windrows were turned two times per month with a compost turner. Samples were taken daily the first four days and weekly during rest of the time (26 weeks) at a deep of 15cm below the surface, according to Olynciw (2002) . From each pile three samples were taken from separated positions (about 5m distance), each of these samples was composed of three subsamples that were bulked after sieving (<8mm mesh). Samples were transporter to the laboratory rapidly and all the trials were made in the same day.
Physical and chemical parameters measured
Temperature of the piles was monitored daily during the process using composting thermometers inserted at different heights in the piles. The water content was determined by drying of samples at 105ºC for 48 h. For pH and electric conductivity measurement, a solid-liquid extraction was carried out: compost samples were diluted 1:10 in distilled water, placed in a shaker for 24 h and finally a vacuum filtration was made.
Isolation of microbial cultures from compost
The compost sample (5g) was diluted in 45 mL of buffer solution (0.06M Na 2 HPO 4 /NaH 2 PO 4 ) (1/9 v/v), pH 7.6. Decimal serials dilutions (10 -1 to 10-10 ) were made and inoculated aseptically in Petri dishes (10 µL for plate) with different culture media: Potato Dextrose Agar (PDA), Nutrient Agar (NA) and Starch Ammoniacal Agar (SAA); in order to facilitate the growth of fungi, bacteria and actinomycetes respectively. Petri dishes were incubated at 30°C(mesophilic microorganisms) and 50°C (termophilies) for 72h (PDA), 37°C or 50°C for 24h (NA) and 37°C or 55°C for 120 h (SAA), according to the phase were the isolation was carried out. After incubation isolated colonies of bacteria, fungi and actinomycetes were selected. The evaluation of cellular concentration in a compost samples was determined by plate counting of serials dilutions according to equation 1:
Characterisation of isolates
Conventional morphological criteria and biochemical test were made to pure culture of bacteria and actinomycetes according to Bergey's Manual (1994). Identification of fungal species and genera were carried out according to Raper and Fenell (1965) ; Ellis, (1971 Ellis, ( , 1976 and Bissett (1991) . All the isolated were phenotipically characterized by the API 20B test System.
Statistical analysis
The influence of physical and chemical parameters [temperature, pH, water content and electric conductivity (EC)] on the microbial concentration was tested statistically by means of the analysis of variance (ANOVA) and multiple regression analysis using the Stargraphics Plus v.3.0 program.
Results
The following groups of microorganisms were found in organic waste compost microbial complex: Gram-negative aerobes of genera Pseudomonas, Azotobacter, Azospirillum Gram-positive aerobes of genera Micrococcus, Gram-negative microorganisms included spore forming bacteria of the genera Bacillus, microorganisms of actinomycetes line (Gram-positive bacteria) Streptomyces, Actinomyces groups. Among the microscopic fungi that were also found; Trichoderma, Alternaria, Penicillium, Ulocladium and Aspergillus. Microbial populations densities were usually high (10 In the analysis of the data on microbial diversity we considered as dominating those species of microorganisms whose relative abundance excceded or reached about 30% (Dobrovol´skaya et al., 1997). MSW community had two genera of dominant microorganisms Bacillus and Streptomyces (61.1%), followed by Actinomyces (55.5%), Pseudomonas (50%), Azospirillum (38.8%). Many of those genera are also members of soil microbiota; these results are not surprising, due to the similarity between compost and a soil in good conditions as to physical-chemical characteristics. The fungal specie Ulocladium atrum Preuss, is consider as a new report for MSW compost.
The substrate was colonized in major proportion by bacteria that represents (44.6%), followed by actinomycetes (32.3 %) and in lower number by fungi (23.1%). Bacteria are nutritionally also the most diverse group of compost microorganisms, using a broad range of enzymes to chemically degrade a variety of organic materials, as a result, numbers of bacteria are usually much higher than number of others microorganisms, e.g. fungi (if total numbers are comparable at all). Consequently, bacteria are responsible for the most of initial decomposition and heat generation in compost, provide the major growth requirements are met. The succession of microbial populations (bacteria, fungi and actinomycetes) during compost process is shown in Fig. 2 . 
Discussion
During the composting process, the pH dropped from 8.1 to 7.3, wich may be due to the ammonification and mineralisation of organci matter by the activities of micoorganisms as found by Wong et al. (2001) . The decline of water content in some cases may be explained by microbial heat generation causing enhanced desiccation (Tiquia and Tam, 2000) . The Multiple Regression Analysis, reveal that the parameter that major influence made on the microbial groups mentioned was the temperature (data not shown). In this experiment, the decline of temperature indicated that the compost had gone through the thermofilic stage and approached maturity., the microbial biomass also decreased with composting age, except in the case of actinomycetes.
The increase in bacterial and fungal concentrations evidenced during the mesophilic phase, was influenced fundamentally by temperature and pH. During initial phase of the composting process the substrate is at ambient temperature, the pH is usually slightly acidic and are available easily organic compounds. Mesophilic fungi and bacteria are the dominant active degraders of fresh organic waste materials. Food waste containing vegetable residues often have a low initial pH (4.5-5), which stimulates the proliferation of fungi (Ryckeboer et al., 2003) . The high surface/volume ratio of bacteria allows a rapid transfer of soluble substrate into a cell. Nevertheless, actinomycetes are commonly identified as one the main groups responsible for organic matter conversion during latter stages of composting and thermophilic phase (temperatures of 45 to 55°C) according to Chopra (2004) and Velasco et al. (2004) . High temperatures support degradation of recalcitrant organics such as lignocellulose and elimination of pathogenic and allergenic microorganisms. Actinomycetes compete with others organisms for nutrients and can inhibit microbial growth due to the production of antibiotics, lytic enzymes or even by parasitism. They play an important role in the degrading natural polymers process and colonize organic materials after bacteria and fungi have consumed easily degrade fractions (maduration phase); their enzymes enable them to degrade tough debris such as: woody stems, bark or newspaper. The interaction between various functional groups of microorganisms depends on nutrient resources and the biochemical mechanisms of organic and inorganic matter transformation changes (Insam et al., 2002) . Microorganisms with high hydrolyzing activities prevailed, they are spore forming (Bacillus), mycelial (Streptomyces, Actinomyces and fungi) and cellulolytic (essentials fungi). The bacteria Pseudomonas, Azotobacter, Azospirillum use simple organic material formed at hydrolysis and fermentation in aerobic conditions. The redistribution of populations to a degree of dominant and the developmentof stable forms of microorganisms preserve the diversity of species in the structure of community and signify structural-funtional changes.
The genera Micrococcus, Bacillus, Streptomyces, Actinomyces, Azotobacter, Aspergillus, Penicillium and Trichoderma have been abovementioned by Ryckeboer et al. (2003) ; Velarde et al. (2004) and Martínez (2004) in different compost studies. The genera Ulocladium sp. has been reported by Seck and Kilbertus (1996) in peanut shells. Several of these genera may find application as potential biocontrol agents are used in the agriculture as fitopathogens biocontrollers agents or as stimulants of the vegetable growth.
Futher non-cultivation studies will be necessary, in order to understand better the behavior of microorganisms and to compare both results. Futhermore, it will be interesting to study some mechanisms of degradation at biochemical levels by the isolated strains.
